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Macroscopic Electric Field in a Material

We first want to ask two questions:

ÅWhat is the relation in the material between the dielectric polarization 

P and the macroscopic electric field E in the Maxwell equations? 

ÅWhat is the relation between the dielectric polarization and the local 

electric field which acts at the site of an atom in the lattice? The local 

field determines the dipole moment of the atom. 

Maxwell Equations  (in CGS) Polarization 

The polarization P is defined as the 

dipole moment per unit volume, 

averaged over the volume of a cell. 

The total dipole moment is 

defined as 

the position vector of the charge qn. 

where rn is 



The electric field at a point r from a 

dipole moment p is given by a 

standard result of elementary 

electrostatics: 

The lines of force of a dipole pointing 

along the z axis are shown in the 

right.

We define the macroscopic electric field E(r0) as the average field over the 

volume of the crystal cell that contains the lattice point r0: 

where e(r) is the microscopic electric field at the 
point r. 

It is adequate for all problems in the electrodynamics of crystals provided 

that we know the connection between E, the polarization P, and the current 

density j, and provided that the lengths of interest are long in comparison 

with the lattice spacing.



By a famous theorem of electrostatics the macroscopic electric field 

caused by a uniform polarization P is equal to the electric field in vacuum 

of a fictitious surface charge density  ̀= ƶP on the surface of the body. 

Here ƶ is the unit normal to the surface, drawn outward from the 

polarized matter. 

.ȅ DŀǳǎǎΩǎ ƭŀǿΣ                                         Φ     

We add E1 to the external applied field E0 to obtain the total macroscopic 

field E inside the slab, with zȵ the unit vector normal to the plane of the 

slab: 

If the polarization is uniform within the body, the only contributions to the 

macroscopic field E are from E0 and E1 .



Depolarization Field
The field E1 is called the depolarization field, 

for within the body it tends to oppose the 

external applied field E0 as in the figure below. 

If Px, Py, Pz are the components of the 

polarization P referred to the principal axes of 

an ellipsoid, then the components of the 

depolarization field are written 

Here Nx, Ny, Nz are the depolarization 

factors; their values depend on the 

ratios of the principal axes of the 

ellipsoid. The NΩǎ are positive and 

satisfy the sum rule Nx + Ny + Nz = 4“ 

in CGS, and Nx + Ny + Nz = 1 in SI. 

A uniform E0 will induce 
uniform polarization in an 
ellipsoid. 

We introduce the dielectric susceptibility ̝such that polarization             , then 



Local Electric Field at an Atom
The value of the local electric field that acts at the site of an atom is 

significantly different from the value of the macroscopic electric field. 

Consider the field that acts on the atom at the center of the sphere. If all 

dipoles are parallel to the z axis and have magnitude p, the z component of 

the field at the center due to all other dipoles is, 

The x, y, z directions are equivalent because of the symmetry; thus 

whence  Edipole =0.

The local field at an atom is the sum of the electric field E0 from external 

sources and of the field from the dipoles within the specimen. It is 

convenient to decompose the dipole field so that part of the summation 

over dipoles may be replaced by integration. Then,



E0 = field produced by fixed charges external to the body;

E1 =depolarization field, from a surface charge density nȵP on the outer 

surface of the specimen;

E2 =Lorentz cavity field: field from polarization charges on inside of a 

spherical cavity cut (as a mathematical fiction) out of the specimen 

with the reference atom as center; E1 +E2 is the field due to uniform 

polarization of the body in which a hole has been created; 

E3 = field of atoms inside cavity. 

The contribution E1 +E2 +E3 to the local field is the total field at one atom 

caused by the dipole moments of all the other atoms in the specimen. 
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Lorentz Cavity Field
The field E2 due to the polarization charges on the surface of the fictitious 
cavity was calculated by Lorentz. If —is the polar angle referred to the 
polarization direction, the surface charge density on the surface of the 
cavity is ҍP cos—. The electric field at the center of the spherical cavity of 
radius a is 

The field E3 due to the dipoles within the 

spherical cavity is the only term that depends 

on the crystal structure. For a reference site 

with cubic surroundings in a sphere that E3 = 0 

if all the atoms may be replaced by point 

dipoles parallel to each other. The total local 

field at a cubic site is, 

This is the Lorentz relation: the field acting at an atom in a cubic site is the 
macroscopic field E plus 4“P/3 from the polarization of the other atoms in 
the specimen. 

Charge on ring =
2“asin—ad—Pcos—



Dielectric Constant and Polarizability
The dielectric constant of an isotropic or cubic medium relative to vacuum is 

defined in terms of the macroscopic field E: 

and

The polarizability ohf an atom is defined in terms of the local electric field at 
the atom: , where p is the dipole moment. The polarizability is an 

atomic property, but the dielectric constant will depend on the manner in 

which the atoms are assembled to form a crystal. The relation of the dielectric 

constant to the polarizabilities depends on the relation between the 

macroscopic electric field and the local electric field. If the local field is given 

by the Lorentz relation, then the polarization of a crystal may be expressed 

approximately as 
,   and

where Nj is the concentration and h j the polarizability of atoms j. 

Since   Clausius-Mossotti relation. 


